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CERTAIN UNUSUAL HALOS. 
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Satisfactory theories exist for all, or nearly all, the more 
conimon halos. Several of the rarer halos, however, are 
not so well understood. It is the purpose of this article 
to su ply, in part, this lacking information. 

called the "Halo of Nevelius," is seen at  about 90' from 
t.lie sun. Several explanations of this halo have been sug- 
gested, but none is satisfactory. 

In  seeking to explain this or any other halo, it is essen- 
tial that our attention be given first to simple forms of 
discrete ice crptals, because there is little or no epiddnce 
that any special grouping of crystals ever occurs in SUE- 
cient abundance and predominance to produce a halo of 
an kind. 

Row, only two kinds of small ice crystals are known to 
occur naturally, namely, (a) hexagonal columns, long 

Bu P o of90".4ccasionally a faint halo, sometimes 

0 
PIG. 1.-Path nla ray through a p y r d d d  prism giving a W'-halu. 

(needles) or short (tablets), with flat bases perpendicular 
to the sides, and ( b )  liesagonal abutting pyraeds,  trun- 
cated or not! H.nd with or without an intervenlng hexag- 
onal column., 

The 90"-hdo seem to be owing to the resenco of ran- 

Apparently no exact measurements of pyramidal ice 
crystals have ever been made.' However, by X-ray 
analysis it has beon shown that the osygen atoms of an 
ice cr stal are arranged in hexagonal patterns, and so 
spaceJthat the ratio of the longitudinal to the lateral axes 
is very close to 1.62. 

Hence, from the laws of crystallography, the ratio of 
the height of the pyramidal end of an ice crystal to the 

domly directed hip ramidal crystals w K ose faces are. 
inclined 24' 51', or t i ereabouts, to the longitudinal axis. 
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inner radius of its base, a lateral axis, must also be 1.62, or 
some multiple or submultiple thereof expressible in either 
a small whole number or a fraction whose numerator and 
denominator b0t.h are small whole numbers. 

If, then, we multiply 1.62 by 4/3, a factor entirely 
allowable, we obtain a pyramid,whose sides are inclined 
24' 51' to the longitudinal axis; and since this value sat- 
isfies both the 90"-halo, and also several other halos of 
unusual radii, as e s  lained below, it will be provisionnlly 

Light from any soiuce S ,  Figure 1, enteriw a face of 
such 8 crystal (truncated or pointed, and w i h  or with- 
out an intervening hexagonal column), in or near a 
plane determined by t.he longitudinal axis and a normal 
to that face from this axis, will, over a wide range (42' 
06') of the au le of incidence, undergo two internal total 

abuttin pyramid in suc.h direction that an observer 
at 0 ~ $ 1  see the im me ver nearly 90' from the 
source; the total range%eing, for Eght of refractive indcs 
1.31, froin 89' 28' where the concentation is grciktest 
to 88' 02' where it is least. Light outside this rang:!' 1.4 

relatively too faint to be considered, being enfeebled by 
at  least one reflection that is not total. Minimum 
refraction, hence, in this c?se, maximum deviation 
(turning of the ray by reflection minus its turning by 
refraction) and inminiurn concentration, occurs when 
that portion of the internd rity that lies between the 
points of reflection is parullel to the 1 tudinal axis. 

nt  nearly 90' from the sun or moon. Clearly, too, the 
red of this halo, contrary to rule, is on the side away from, 
and not the side nearest to, the arent luminary, and 
still nearer 90' therefrom than the a ove angular distance, 
89' 28', corresponding to greenish yellow light, thou h 

sensation. 
Hdos of w.nu.sua1 radi i -h  addition to the halo of 22' 

radius, due to randomly directed GOo refracting angles, 
the halo of 46' radius, due to randomly directed 90' 

es, and the 90°-haJo, explained above, 
refracting several other 9 alos concentric about the sun or moon are 
occasionally seen. The radii of these are, roughly, So, 
17", 19', and, perhaps, 32'. The last of these values is 
based on various crude estimates ranging from about 28' 
to 33', or more; the other t e e e  have been meyured, 
and probably are correct to withm half a de ee. Pnppo,S 

certain small but well-defined halo. He reports, in addi- 
tion, only the 22O-halo. Andrus4 estimated the radius 
of tho inner halo to be 8'-9' and that of the outer one 
to be 2s'-29'. A crude sightin demce that gave him 
33' 50' for the radius of the 22' %alo, ave for the other 

,411 these halos of unusual radii, 8', 17', 19', and 32' 
( !), doubtless are due to randomly directed yramidal 

out columns between the pyramidal ends. Such a 
pointed, bipyramidd crystal, with an intervening hexag- 
onal column (a well-known type) is represented by 

accepted ns B vdue t P iat actually occurs in nature. 

reflections an s pass out the corresponding face of the 

This, as above stated, puts the brighter T e ge of the halo 

always, perhaps, too faint to arouse a distinct coor B 

using a tlieodoolite, obtained 8' 12' as &? e radius of a 

two 17'-1S0 and 18'-19', respective f y. 
crystals; whether truncated or pointed, and wit Yl or with- 

--- 
a See this 'REVIEW, p. 534. 
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Figure 2. Light obviously can pass through such a 
Those courses that give 

;xaction, and hence roduce halos, are listed in the 
following table, in whic R the numerical values correspond 
to an inclination of 24" 51' of n pyramidal face to the 

tal in vmous directions. 
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direction between the incident and exit branches of any 
single ray-t.he deviation corresponding to maximum 
light, hence t.0 the angular radius of a particular halo. 

Circular ha108 about ~ U R  or moon, by pvramidal crystab, tuhosc faces 
are {nched 240 .W to lon&wlinal&. 

Fm. %-Pyramidal ice crystal givlng halos of unusual radii. 

longitudinal axis, the value adopted above in the discus- 
sion of the 90O-halo. 

In this table the meanings are: inci4hnt fucc, that 
face of the crystal through which t,he ray in question 
passes in; exit face, that face of the csystal through 
which the given ray passes out; wfraction angle, the 
dihedral angle between the incidence and esit faces, 
extended; minimum deviation, the least difference in 

m face of hexagonal column lace of one pyramid; p', faca d companion pyramid; 

betweea theinddent and d t  rays. 
c. truncate face, normal to lon&dinal axis. 

Not really arefraction angle but them talan 
Maximum total deviation, &rrespon& to &mum refraction. 

The pairs of faces listed in this table are merely typical 
since, obviously, a change in either face of any pair 
merely requires a corresponding change in the other. 

The last member of this list is the 9O"-halo explained 
above; the next to the last is the very common 22O-halo; 
and the next above that the well-known 46O-hdo. The 
SO-, 17"-, and 19"-halos, the unusual ones that have been 
tolerably well measured, are the third, first, and fifth, 
se ectively, of this table. The second may well be the 

38" to 33' or more. The sixth, due to truncated bi yra- 
mids, has not certainly been re orted, The 46"%do, 

does not require the pyramid form-only faces at  right 
angles to each other. The appearance, therefore, of the 
48 -halo does not prove the presence of truncated p y r e  
mids; hence this halo and several others of the table may 
he simultaneously seen when there is no trace of the 
sixth. Finall the fourth is apt to blend more or less 
with the 22"-Palo into a band broader than usual and 
thereby cause the radius of the 32O-halo to be under- 
estimated. 

ha 7 o whose radius has been variously estimated a t  from 

though listed here as producible I! y truncated pyramids, 


